Discovery of amide (peptide) bond synthetic activity in Acyl-CoA synthetase.
Acyl-CoA synthetase, which is one of the acid-thiol ligases (EC 6.2.1), plays key roles in metabolic and regulatory processes. This enzyme forms a carbon-sulfur bond in the presence of ATP and Mg(2+), yielding acyl-CoA thioesters from the corresponding free acids and CoA. This enzyme belongs to the superfamily of adenylate-forming enzymes, whose three-dimensional structures are analogous to one another. We here discovered a new reaction while studying the short-chain acyl-CoA synthetase that we recently reported (Hashimoto, Y., Hosaka, H., Oinuma, K., Goda, M., Higashibata, H., and Kobayashi, M. (2005) J. Biol. Chem. 280, 8660-8667). When l-cysteine was used as a substrate instead of CoA, N-acyl-l-cysteine was surprisingly detected as a reaction product. This finding demonstrated that the enzyme formed a carbon-nitrogen bond (EC 6.3.1 acid-ammonia (or amide) ligase (amide synthase); EC 6.3.2 acid-amino acid ligase (peptide synthase)) comprising the amino group of the cysteine and the carboxyl group of the acid. N-Acyl-d-cysteine, N-acyl-dl-homocysteine, and N-acyl-l-cysteine methyl ester were also synthesized from the corresponding cysteine analog substrates by the enzyme. Furthermore, this unexpected enzyme activity was also observed for acetyl-CoA synthetase and firefly luciferase, indicating the generality of the new reaction in the superfamily of adenylate-forming enzymes.